Splenectomized and sham-operated mice with chronic Schistosoma mansoni infection were compared for the development of periportal fibrosis (pipestem fibrosis). Although this lesion appeared less frequently in splenectomized mice, it also developed in the absence of the spleen. The time of splenectomy, spleen weight, presence of anti-idiotypic antibodies, the number of eggs in the liver, and the type and size of periovular granulomas in the liver as evaluated by computerized morphometry did not show statistically significant differences between the two groups. It is concluded that the role of the spleen in the development of pipestem fibrosis seems ancillary and that multifactorial influences, including worm burden, hepatic vascular adjustment, and factors associated with the biology of extracellular matrix of the liver, probably play a more significant role.
Hepatic periportal fibrosis is the most important and characteristic anatomic finding in hepatosplenic schistosomias. This lesion has been known as pipestem fibrosis since Symmers first described it in 1904. 1 Although high worm load is considered the major factor in its pathogenesis, 2,3 additional factors probably play an important role since not all severely infected people will develop hepatosplenic disease. Only 4-12% of those infected and living in areas of high endemicity are expected to develop periportal fibrosis, with its accompanying features of intrahepatic portal vein obstruction, portal hypertension, and hepatosplenomegaly, so-called hepatosplenic disease. 4 Variations in percentages are considered to reflect the degree of transmissibility in a particular geographic area. 3 Several cofactors have been suggested to be important. These include the role of repeated infections as opposed to a single or few exposures, the age and race of the patients, their blood groups, duration of infection, failure of immunologic modulation, and HLA determinants. [5] [6] [7] [8] The evidence for and against each one of these cofactors is meager and the problem has remained complex and is difficult to solve with materials from human patients. Therefore, the need for an experimental model is crucial.
Although a gross and microscopic picture of pipestem fibrosis has been obtained in chimpanzees heavily infected with Schistosoma mansoni, 9 the primate model is obviously not adequate for practical use. However, mice with prolonged (16 weeks or more) and relatively mild (1-2 worm pairs) can develop periportal fibrosis that mimics the human lesion. 10 Periportal fibrosis appears only in a certain percentage of chronically infected mice, even when inbred animals are used, indicating that other factors, besides worm burden, time, and to a certain extent, genetic background, are also involved. 11 By using male CBA/J mice with chronic S. mansoni infection, Henderson and others 12 have shown that mice developing diffuse periportal fibrosis also exhibited massive splenomegaly and immunologic abnormalities in the generation of modulatory anti-idiotypic antibodies. Although the splenomegaly found was of a lymphoproliferative type rather than a congestive one, the general experimental findings closely resembled the changes seen in human pathology. 13 Therefore, the pathogenesis of schistosomal pipestem fibrosis may also be influenced by changes in the spleen.
In the present study, we used the mouse model of pipestem fibrosis to investigate the role of the spleen on the pathogenesis of schistosomal periportal fibrosis by observing how that lesion would develop in splenectomized animals.
MATERIALS AND METHODS
Animals and surgical procedures. One-hundred outbred Swiss mice of both sexes weighing 18-20 g and maintained on a balanced commercial diet were used. Splenectomy was performed under sterile conditions with ether anesthesia. A small incision was made on the shaved skin of the superior lateral flank, the muscle layer was dissociated, the spleen was removed and weighted, and the wound was sutured. Fragments of the spleen were immediately fixed in Bouin's fluid for 6 hr, washed in 70% ethanol, and embedded in paraffin. Surgery was performed with minimal or no bleeding and there was no mortality. Sham-operated animals underwent the same surgical procedures, with the spleen being exteriorized and manipulated, but not removed.
Infection. Mice were infected by the transcutaneous route with 30 recently shed S. mansoni cercariae per mouse. Animals were individually infected inside a clean small bottle after a warm bath to rid them of feces and urine. All animals included in this study passed viable schistosome eggs in their stools 35-45 days following exposure.
Groups. The following experimental groups, each with 20 animals, were used. They differed according to the time of splenectomy. Group 1 was splenectomized one week before infection. Groups 2, 3, and 4 consisted of animals splenectomized one week, four weeks, and eight weeks, respectively, after cercarial exposure. A fifth group, a control group, consisted of sham-operated animals. Surgery in the control group was performed one week before infection with S. mansoni cercariae.
Killing and post-mortem procedures. Animals were killed on two occasions: one-third of the animals were killed 12 weeks after infection and the others after 17 weeks. Under ether anesthesia, the animals were exsanguinated by severing the brachial plexus, from which blood was collected for immunologic studies. After coagulation and centrifugation of the blood, sera were stored at 4ЊC. Recovering of worms was done using the Duvall and DeWitt 14 method of perfusion. Counting of schistosome eggs was done after di- gestion with potassium hydroxide, according to the method of Cheever. 15 Fragments of the liver were fixed in Bouin's fluid and embedded in paraffin. Histologic sections of the spleen and liver were stained with hematoxylin and eosin, and siriusred for collagen. 16 Spleen removed one week before infection were also microscopically examined and taken as representative of noninfected controls.
Immunology. Schistosoma mansoni antigen was obtained from adult worms. Serum antibodies against S. mansoni, as well as anti-idiotypic antibodies, were measured by an ELI-SA method. Samples were always analyzed in duplicate. Anti-idiotypic antibodies were detected using the technique described by Sadigursky and others. 17 Briefly, F(abЈ) 2 fragments specific for S. mansoni were obtained from monospecific IgG by pepsin digestion and further purification on a Sephadex A-160 column. The IgG solution was adjusted to a concentration of 20 mg/ml and dialyzed against 0.1M sodium acetate for 3 hr. The pH of the dialysate was to 4.5 with acetic acid, and 2 mg of pepsin was added to each 100 mg of IgG. After incubation for 12 hr at 37ЊC and centrifugation for 30 min at 4,000 ϫg, the supernatant was collected, adjusted to a pH of 7.4, and dialyzed against phos-phate-buffered saline. The solution was then purified through a G-100 Sephadex column. The S. mansoni unrelated F(abЈ) 2 fragments were similarly prepared from sera of noninfected mice. Control F(abЈ) 2 fragments were obtained from a pool of noninfected mice sera.
Morphometric data. Randomly sampled 5 -thick histologic sections stained with picro-sirius-red for collagen were examined by semi-automatic morphometry using the Leica Q500MC Image Processing and Analysis System (Leica, Cambridge, United Kingdom). For morphometric measurements, a total sectional area of 1.64 mm 2 per animal was evaluated. All periovular granulomas were included. A spherical shape and normal size distribution were assumed. The following granuloma parameters were calculated: size (sectional area), granuloma volume, volume density, and numerical density. Volume density refers to the space (volume) occupied by the granulomas in the compartment of the liver tissue examined. Numerical density indicates the number of granulomas per unit of tissue considered (mm 3 ).
The granuloma volume density was calculated as the quotient of the total granuloma profile area to the total sectional area studied per animal. The number of granulomas per unit volume of liver was assessed by applying the formula of Weibel. 18 The sectional area of the red-stained fibrous tissue was directly measured and calculated as a percent of the total area examined. The mean granuloma volume was estimated according to the method of Bertran. 19 The relation of total collagen/granuloma was not measured.
Statistical analysis. Categorical data were compared by using the chi-square test with a Yates' correction. Student's t-test was used to compare continuos variables, which are presented as means Ϯ SD. Statistical significance was defined by a P value Ͻ 0.05. For the morphometric data, a two-way analysis of variance test was applied. 
RESULTS
Since the results obtained from the animals killed 12 and 17 weeks after infection were similar, they are described together. An average of 1-2 worm pairs was recovered from infected mice. Four animals were not infected or were infected with male worms only. They were discarded. The number of eggs in the liver was expressed as per gram of liver tissue and varied from 6,400 to 10,300 in the groups, but such variation did not show any statistically significant difference.
Histologic examination of the liver in 94 mice with prolonged schistosomal infection revealed that pipestem fibrosis was present in 38.3%. Table 1 shows the distribution of the lesion in splenectomized and sham-operated animals. Splenectomized animals were less prone to develop systematized periportal granulomas and fibrosis (P Ͻ 0.001).
Pipestem fibrosis was characterized by a preferential accumulation of schistosome eggs and the granulomas they elicited along periportal areas, forming bands of fibrosis that extended between portal spaces and made septal connections on a background of normal-looking parenchyma (Figure 1 ). The cases without such lesions exhibited isolated periovular granulomas that were sparsely distributed throughout the liv-er tissue (Figure 2) . Differentiation between the two types of lesions was easily accomplished when the sirius-redstained slides were examined by low-power microscopy. However, in four instances the lesion was difficult to classify since many isolated granulomas appeared in a liver that also showed a concentration of periportal granulomas in a few areas. These mixed cases were finally considered as without pipestem fibrosis. In sections stained with sirius-red, collagen sometimes exhibited focal areas of fragmentation, thickening, tortuosities, and disappearance of the fibers. These foci of collagen degradation were seen more frequently and more accentuated in nonsplenectomized animals.
The distribution of the two types of hepatic lesions in relation to the time of splenectomy is depicted in Table 2 . No significant difference in the development of periportal fibrosis was seen regarding the time of splenectomy. Table  2 also contains data on number of eggs per gram of liver, but no special significance was apparent in relation to this parameter and the tendency to develop pipestem fibrosis. Table 3 shows the problem of spleen weight in the group of sham-operated animals with and without pipestem fibrosis. Again, there was no relationship (P Ͼ 0.05) between spleen weight and the development of the characteristic periportal lesion.
Histologic examination of the spleen showed that the gen- eral normal architecture of the organ was generally maintained. There was a variable degree of red pulp congestion. Foci of proliferation of lymphocytes, with admixture of many plasmocytoid cells and eosinophils, were seen, especially at the red pulp and marginal zones. Lymph follicles varied from atrophic to hyperplastic. However, although these changes were much more prominent in the infected groups than in noninfected controls, no consistent pattern of changes could be correlated with any of the two main experimental groups studied. Secondary-type amyloidosis, involving the spleen, liver, and kidneys, was found in four mice with chronic S. mansoni infection, none of them splenectomized.
The search for anti-schistosome and anti-idiotype antibodies also failed to discriminate among the several groups of mice. Results are shown in Table 4 .
Morphometric analysis showed no significant differences between the groups regarding sectional area, volume, and volumetric and numerical densities of the periovular granulomas in the liver (Table 5 ). Hepatic fibrosis was greater in the animals developing periportal fibrosis as compared with those with scattered hepatic granulomas when measured morphometrically in total amount or as a percent of hepatic tissue.
DISCUSSION
Changes in the liver (venous congestion, inflammation, fibrosis, necrosis) can have repercussions on splenic structure and function, but there are suggestions that the reciprocal may also occur. In so-called Banti's syndrome, it has been postulated that primary splenomegaly may be sequentially followed by portal hypertension, liver fibrosis, and even cirrhosis. 20 Splenectomy performed in patients with hepatosplenic schistosomiasis ameliorated the humoral im-mune response and increased the CD4:CD8 lymphocyte ratio. 21 Experimentally, splenectomy failed to modify the size and type of periovular granulomas in the liver, except when performed on the eighth week of infection, when the reaction around the eggs was enhanced in splenectomized mice. 22, 23 Under the present experimental conditions, the presence of the spleen seemed important, but not essential, for the development of periportal hepatic fibrosis (pipestem fibrosis) in mice chronically infected with S. mansoni. A statistically significant proportion of the cases occurred in nonsplenectomized animals compared with those that were splenectomized. The reason for this is not clear. Time of splenectomy, whether before infection or afterwards, did not have a significant influence on the development of the lesion. However, no clear-cut differences were seen between splenectomized and nonsplenectomized animals concerning levels of serum antibodies against S. mansoni, anti-idiotypic antibodies tested against whole worm antigens, the size of the spleen (splenic index), or intensity of infection (recovery of worms and counting of eggs per gram of liver tissue). No evidence for the role of anti-idiotypic antibodies was found. The antigen used here (whole worm antigen) differed from that used by Henderson and others, 12 which consisted of egg antigen. However, since the effect of anti-idiotypic antibodies would be on granuloma modulation, our morphometric data did not indicate differences between splenectomized and sham-operated animals, or between animals presenting with periportal fibrosis compared with those with isolated granulomas. In addition, our monospecific antibodies obtained from male and female adult worms strongly reacted with egg antigens.
All of our infected animals can be considered as presenting high worm loads. It has been estimated that the heaviest infection occurring in a 60-kg human is seldom greater than five worm pairs, whereas in a 20-g mouse, the lightest infection is of the order of 50 worm pairs. 24 There are controversies about accepting the mouse model as representative of the condition seen in human pathology. 25 A critical appraisal of the murine model of pipestem fibrosis has already been presented. 11 The model has similarities as well as differences with human pipestem fibrosis. However, by showing fibrosis and preferential distribution of schistosome eggs along the periportal spaces, the model does reproduce the main pathogenic feature of pipestem fibrosis.
Present findings do not support previous suggestions about the pathogenesis of pipestem fibrosis, but serve to point toward other directions that have apparently been neglected. One of them is the process of intrahepatic vascular adjustment to the continuous arrival of parasite eggs.
In both humans 26, 27 and mice 28 with pipestem fibrosis, a cuffing of fine anastomosed portal vessels is formed around and along the intrahepatic portal vein branches. Changes in the spleen may have an influence on these vascular dynamic processes, since splenomegaly contributes more blood and higher pressure to the portal system. 20, 29, 30 The pathogenetic importance of a similar set of vascular events has been previously demonstrated for the pulmonary changes seen in advanced schistosomiasis, the so-called schistosomal cor pulmonale. 31 This complication occurred in 17% of hepatosplenic patients, apparently with no peculiar differences, immunologic or otherwise, between them and others who did not develop this complication. The same is probably true for the liver. Besides the fundamental contribution of heavy worm load, factors influencing crucial vascular changes in the liver during the course of severe schistosomiasis seem to be important. These factors are probably multifactorial. Immunologic factors, 7 cytokines, 32 and the host capacity to form and to degrade extracellular matrix 33, 34 might also play a role in the pathogenesis of schistosomal periportal fibrosis.
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